The influence of some stressors on laying rate and selected haematological indices, and the corticosterone level in duck blood were studied. The experiment was carried out in the reproductive season (April -July) on 84 of Peking ducks. One control and three experimental groups were formed. All ducks were fed standard complete diets ad libitum for 8 weeks. In the 9th week, blood samples were taken from birds and the following stress factors were introduced: in group II -restricted feeding (70 g of feed per bird per day) for a period of one week, in group III -addition of 20g NaCl/kg during a period of one week, in group IV -withdrawal of water for two days. In the 10th week, blood samples were taken from ducks and during the next 5 weeks, all four groups were fed the standard diet ad libitum. The following parameters were estimated in blood: haemoglobin, haematocrit, red and white cell counts (proportion of granulocytes and agranulocytes) and corticosterone level. During the entire period of the experiment (14 weeks), the number of eggs laid in groups was recorded daily.
INTRODUCTION
In the intensive breeding system, birds are exposed to different kinds of factors causing stress. Some are regarded as inevitable, as for instance: catching and handling birds according to veterinary requirements and planned technological operations. The external response of birds to stress manifests itself mostly by unrest, decrease or lack of appetite, decrease in body weight, increased susceptibility to diseases and a higher mortality rate. Physiological symptoms of stress include increased corticosterone secretion and changes in circulating leukocytes, i.e. a decrease in lymphocyte count and increase in heterophil count (Mitchell et al., 1992; Maxwell, 1993) .
Intensive and prolonged stress exert a negative effect on the productivity and salubrity of birds and do not promote their well-being (Zulkifli and Siegel, 1995) . For this reason, breeders should aim to eliminate or limit the negative influence of stress factors and also to prevent their occurrence.
The aim of this study was to investigate the influence of the most common stressors appearing in production connected with feeding on laying rate and on some haematological indices and the corticosterone level in the blood of ducks.
MATERIAL AND METHODS
The experiment was carried out on 84 Peking ducks, 40 weeks old, during the reproductive season that started in January. It covered 14 weeks of laying, from April to July. The birds were divided into 4 groups of 21 ducks and 3 drakes each (in 3 replications).
All groups of ducks were kept in a windowless building without access to the fowl-run. Environmental conditions, including the light program, complied with the obligatory rules of duck breeding. All birds were fed a standard complete diet for ducks, containing 17.4% crude protein and 11.3 MJ of metabolisable energy per kg. The diet was composed of (in %): wheat 55, barley 10, soyabean oilmeal 16, meat-and-bone meal 8, dried grass, fat concentrate and limestone 3 each, dicalcium phosphate and vitamin-mineral premix 1. The food, except for group II during week 9, was given ad libitum. At the beginning of the 9th week blood samples (A) were taken from each duck and different stressors were introduced for a one week period. The control group was fed as before. The feed in group II was restricted to 70 g/bird/day, which amounted about 25% of the ad libitum intake. The diet given to ducks of group III was supplemented with 20 g of NaCl per kg. The birds in group IV were deprived of access to water for the last 2 days of this week. At the beginning of the 10th week blood samples were again taken (B) and for the next consecutive 5 weeks, all groups were fed the standard diet ad libitum. The number of eggs was recorded daily for each group. Blood samples were taken from the wing vena ulnaris cutanea of every female. Heparin was used as an anticoagulant. The following blood parameters were determined: the haemoglobin content (Hb), haematocrit index (Ht), red blood cell count (Rbc), white blood cell count (Wbc) and thrombocyte count (Tbc). White blood cells (Wbc) were differentiated into granulocytes (heterophils, eosinophils and basophils) and agranulocytes (lymphocytes and monocytes). The ratio of heterophils to lymphocytes (HLR) was calculated.
The Hb level in blood was determined using the cyanomethaemoglobin method (Pinkiewicz, 1971) , and Ht index using the microhaematocrit method. The Rbc, Wbc and Tbc counts in 1 ml of blood were performed under a microscope. Blood smears were stained using the Pappenheim method (MGG) following Bomski (1989) and then, using a microscope, 100 Wbc were counted distinguishing granulocytes and agranulocytes. According to Bomski's formulas (1989) , the mean volume of red blood cell (MCV), mean weight of haemoglobin per red cell (MCH) and mean haemoglobin concentration in red cells (MCHC) were calculated. The plasma corticosterone level (CN) was estimated by a radioimmunological method using the ImmunoChem-Double Antibody (ICN Biomedicals, Inc., USA) kit.
The data was subjected to variance analysis. The significance of differences between groups was statistically verified by the Duncan multiple range test and Student t-test.
RESULTS
The laying rate of ducks in successive weeks of the experiment is presented in Figure 1 . Up to the 8th week (Table 1) , the average laying rate in all groups was similar (62.7-69.7%). After introduction of stressing factors in the 9th week, the laying rate decreased ( Figure 1 and Table 1 ) and in group II and III was significantly lower than in the control group. From the 10th to 14th week the laying rate increased gradually (Figure 1 ) in groups exposed to stress, remaining, however, significantly lower than in the control group. The lowest laying rate (14%) was recorded in group II, slightly higher, 27.8 %, in group IV.
The Rbc count in blood (Table 2-A) was similar in all groups before the introduction of the stress. After the period of stress (Table 2 -B) a significant increase in the Rbc content in the blood of ducks of group IV was observed. The Hb content in ducks exposed to stress increased significantly in groups III and IV. However, the Hb concentration differed significantly only in group IV (7.77 mmol/L) in comparison with group I (7.22 mmol/L). The Ht value, indicating the total content of morphotic elements in blood, underwent no changes in the studied groups of ducks, with the exception of group IV. The mean value of Ht in blood of ducks from group IV increased significantly in comparison with the value recorded before stressing, as well as in relation to the control group. No statistically significant changes after applying stress were found in relation to MCV in any of the examined groups of ducks. However, MCH in group II and MCHC in group IV increased significantly.
After applying stress, Tbc, Wbc and granulocytes counts increased in all groups of ducks (Table 3 ). The highest number of granulocytes was observed in the blood of ducks in group IV. Also the number of agranulocytes increased (significantly only in group III). Mean numbers of granulocytes were higher and agranulocytes lower in group IV than in the remaining groups. Table 2 a, b -as in Table 1 Table 2 a, b -as in Table 1 In Table 4 the proportion of different kinds of granulocytes and agranulocytes in the blood of ducks before and after stress is shown. In group IV, a statistically significant increase of the heterophile concentration from 36.7 to 60.5% and decrease of the lymphocyte concentration from 54.2 to 30.1% were observed. These values differed significantly from those found in the remaining groups. In group II, a significant decrease in the monocyte concentration from 5.1 to 3.0% was found.
The heterophil: lymphocyte ratio increased in the blood of ducks in all of the examined groups (Table 5 ). The highest value of this index was calculated in group IV. The concentration of corticosterone in blood after stress was lower in group II, and higher in groups III and IV (P<0.05) than in the control group. Table 2 a, b -as in Table 1 DISCUSSION
The laying capability of ducks is a low heritability trait and is affected, to a considerable degree, by environmental factors (Kontecka, 1979) . The performed investigations showed a substantial decrease in laying rate (differences between periods 48.7%) in group II in which the birds were given a limited amount of feed and in group IV (41%) in which ducks were deprived of water (Table 1 ). The 2% concentration of NaCl in the feed had a less negative effect on the laying rate of ducks than the remaining stressing factors. These results are in accordance with studies of Hartel et al. (1991) , who used different levels of NaCl (from 0.25 to 2%) in feed for laying hens and observed a decrease in the laying rate only when the feed contained 2% NaCl.
The performed investigations revealed statistically significant changes in the values of Rbc, Hb and Ht counts only in group IV, in which for 2 days ducks had no access to water (Table 2) . Maxwell et al. (1990) did not find significant effects of restricted feeding on the discussed blood indices. However, they showed a decrease in most of the indices, with the exception of the Rbc count. The number of Rbc in our work was higher in all groups and MCV lower than those found by Kontecka et al. (1995) in their experiments on one year old Peking ducks in the same period of the reproductive season but in the second year of their reproductive utilization. Wbc and Tbc counts increased significantly in blood in all groups, including the control. The increase in the number of these cells, as well as in values of HLR was probably caused by the response of the birds to stress connected with catching ducks and sampling their blood, as confirmed by the observations of Jones et al. (1988) .
In all groups, a statistically significant increase of granulocyte numbers was observed (Table 3) . Also the number of agranulocytes increased, with the excep-70 LAYING RATE AND BLOOD INDICES IN STRESSED DUCKS tion of group IV (no access to water). However, this increase was statistically significant only in group III fed the diet supplemented with NaCl. In the group in which ducks received the ration that covered only about 25% of their daily requirement, a non-significant increase of HLR and a lower level of CN was recorded (Table 5 ). In studies by Freeman et al. (1983) the level of CN in the blood plasma of chickens during a period of restricted feeding initially increased and then subsided. This also pertains to HLR values. In experiments carried out by Gross and Siegel (1986) , as well as by Katanbaf et al. (1988) a similar response of chickens was observed, i.e. adaptation to intervals in the feed intake. , when carrying out studies on ducks fed in the period from the 2nd to 21st week of life, amounts of diet limited to 25% of ad libitum intake found that the HLR value increased in the first week. In the following weeks of restricted feeding, a decrease in heterophil and eosinophil and an increase of basophil and trombocyte counts were observed. According to Maxwell and Robertson (1995) , the ratio of heterophils to lymphocytes is a more reliable indicator of stress than the corticosterone concentration in blood. In the present investigations, a statistically significant increase of the HLR value was accompanied by the highest concentration of CN in the blood as a result of the strong stress caused by the 2-day withdrawal of water. However, Hocking et al. (1993) did not observe a significant increase in HLR and CN concentration in blood when they restricted chickens access to water for 2-3 h daily.
CONCLUSIONS
It can be concluded that food restriction exerted the longest and most negative influence on the laying rate of ducks. On the other hand, the two-day withdrawal of water was found to be very stressful, as confirmed by high values of HLR and CN, commonly regarded as physiological indicators of the occurrence of stress. An increased NaCl concentration in the diet had a smaller effect, both on the laying rate and on HLR values.
